RESUMO

As exigências de lisina durante a gestação, para o ganho de reservas corporais maternas e peso ao nascer dos leitões, não estão bem estabelecidas nos genótipos contemporâneos prolífi cos. Este estudo objetivou avaliar o efeito da suplementação de lisina no terço fi nal da gestação, sobre o peso ao nascer dos leitões e o desempenho gestacional e lactacional de leitoas. Leitoas prenhes foram uniformemente distribuídas em dois grupos que receberam, dos 85 aos 110 dias de gestação, diferentes níveis de lisina na dieta: Grupo Controle -28g lisina/dia (n=136), e Grupo Lisina -35g lisina/dia (n=141). Não houve efeito (P>0,10) da suplementação de lisina no ganho de peso e espessura de toucinho (ET) das fêmeas e no peso dos leitões ao nascer. Leitoas suplementadas com lisina tenderam a ter menor percentagem de natimortos (P=0,077), menor variação de peso dentro da leitegada
 (P= 0,094) 
INTRODUCTION
An increase in litter size has marked the evolution of swine genetics in the last ten years, with a remarkable increase in the number of piglets born (11.2 vs. 12.8 piglets), most evident (12.1 vs. 14.2 piglets) in farms considered the 10% most productive (PIGCHAMP 1998 (PIGCHAMP , 2009 uterine space in hyperprolifi c sows may restrict the potential of piglet development, contributing to the reduction of birth weight commonly observed in larger litters (QUINIOU et al., 2002; TOWN et al., 2004) .
Most studies which have been performed to establish nutritional requirements during pregnancy have been based on the physiological needs and responses of growing animals, with few studies conducted using adult pigs (CLOSE et al., 1985; NOBLET et al., 1990; DOURMAD & ETIENNE, 2002) . The levels of lysine suggested by the NRC (1998) for pregnant females are being questioned because they are no longer considered suffi cient to meet the demands of contemporary prolifi c highlean-type females (BALL et al., 2008; SAMUEL et al., 2008; YANG et al., 2009) .
Lysine is the fi rst limiting amino acid in corn and soybean based diets, and is a key element for protein deposition in maternal and fetal tissues (KIM et al., 2009 ). Nevertheless, recommendations for daily amino acid intake (NRC, 1998) are constant, not taking into account changes in amino acid or protein deposition in maternal and fetal tissues throughout gestation (WU et al., 1999; MCPHERSON et al., 2004; JI et al., 2005) .
A few studies have focused on the infl uence of relatively high lysine levels during late gestation (CERISUELO et al., 2009; YANG et al., 2009) . Although lysine levels higher than those previously suggested (NRC, 1998; DOURMAD et al., 2008) are not yet recommended for use on a commercial scale, they are already being used in late gestation under practical conditions on some Brazilian pig farms. The aim of this study was to evaluate the effect of dietary lysine in late gestation on the birth weight of piglets, as well as on the gestational and lactational performance of swine females.
MATERIAL AND METHODS
The study was conducted on a pig farm with 5,330 sows, located in Midwest Santa Catarina State, in southern Brazil, between January and April, corresponding to Summer and early Autumn in the southern hemisphere. Pregnant gilts (DB-DanBred®; Landrace x Large White crossbred), which had been mated at an average of 226.7±0.7 days of age, were selected at 85 days of gestation. Gilts were inseminated with pooled semen doses containing 3 billion sperm cells diluted in BTS ® extender (Beltsville Thawing Solution -MINITUB ® , Minitub GmbH, Tiefenbach, Germany) and stored at 15-18ºC.
The selected females had no locomotor problems or previous reproductive failures, such as return to estrus or abortion.
During pregnancy, gilts remained in individual crates (0.6x2.5m) with a partially slatted concrete fl oor, and were automatically fed twice a day (7:00 and 13:00h) with a corn soybean diet (3,064kcal ME kg -1 , 16.0% CP and 0.84% lysine). They received 1.8-2.2kg feed day -1 from the time of mating to 50 days of gestation, and 2.4-2.8kg feed day -1 from 51 to 84 days, according to their body condition score (YOUNG et al., 2004) , which was evaluated at mating, and again at 30 and 60 days of gestation. From the beginning of the experimental phase (85 days of gestation) until transfer to the farrowing house (110 days of gestation), all pregnant gilts received 3.3kg feed day -1 . After being transferred to farrowing rooms, females were fed 3.3kg feed day -1 of a lactation diet (3,273kcal ME kg -1 , 20.0% CP and 1.38% Lysine), offered twice a day (7:00 and 13:00h) with a gradual reduction in the quantity provided, from 3.3kg (5 days before the expected farrowing) to 1kg (1 day before the expected farrowing). During lactation, automatic feeders allowed sows to have free access to feed (ad libitum). Water supply was always provided ad libitum. The nutritional composition of the diets is shown in table 1.
At 85 days of pregnancy, females were weighed and backfat thickness (BF) was measured at the level of the last rib, approximately 6.5cm from the midline, by A-mode ultrasonography (Renco Lean Meter®, Renco Corporation, Minneapolis, USA). Body condition score (BCS) was evaluated with a scale ranging from 1 to 5 (YOUNG et al., 2004) .
Pregnant gilts were distributed uniformly into two groups, based on age at fi rst mating, in addition to body weight (BW), BCS and BF at 85 days of gestation. Two lysine levels in the diet were tested: Control group -3.3kg of feed per day with 0.84% lysine, corresponding to a daily consumption of 28g lysine, and Lysine group -3.3kg of feed per day with 0.84% lysine, and a 'top dressing' supplementation of 7g lysine, which corresponded to a daily consumption of 35g lysine. Supplemental lysine was provided once per day (from 85 to 110 days of gestation) as 25g of a corn-based pre-gelatinized premix containing 7g lysine (L-Lysine 99% AJINOMOTO ® , Valparaíso, SP, Brazil), within the drops of the individual feeding system, in addition to the daily ration offered to the females.
Weight and BF were measured at the time of transfer to farrowing rooms. Piglets born alive and stillborn were both counted and individually weighed Ciência Rural, v.43, n.8, ago, 2013. within 12h after birth. Mummified fetuses were also counted, and included in the total number of piglets born.
Lactational performance was evaluated in 52 sows in two uniform groups, formed by taking into account their BW at 85 days of gestation and the number of piglets born. The sows had at least 13 functional teats, and received 13 piglets whose birth weight was similar between the Control and Lysine groups. During lactation (18 days), the same diet (Table  1 ) was provided to sows of both groups and no feed was offered to the piglets. Feed refusal was collected daily (at 2:00 PM) and weighed in order to calculate the actual average daily feed intake. The litter was weighed at cross-fostering day and again at weaning.
Within 24h after farrowing and at weaning, BW and BF of sows were measured. Weaning-to-estrus interval (WEI) was recorded after estrus detection being performed twice a day using the standing reflex in response to the back pressure test, in the presence of a sexually mature boar.
Statistical analysis
All statistical analyses were performed with Statistical Analysis System, version 9.1.3 (SAS, 2005) . Overall, differences with a P value of 5% were considered signifi cant, and P values between 5% and 10% were considered as trends. For variables concerning piglets, the experimental unit was the litter. The following variables were analyzed with the GLM procedure and means were compared with t test: BW and BF of sows at farrowing, BW and BF gain from 85 to 110 days of gestation, number of piglets born, piglet birth weight, coeffi cient of withinlitter birth weight variation, changes in BW and BF of sows during lactation, feed intake by sows during lactation, litter weight at weaning, number of weaned piglets and WEI. Data concerning the percentages of stillborn piglets, mummifi ed fetuses, piglets weighing <1100g and survival until weaning were analyzed using the NPAR1WAY procedure, and groups were compared with the Wilcoxon test.
RESULTS
Of 298 sows initially selected, twenty one were excluded, twelve of them because it was not possible to weigh their piglets at birth, eight for death and one for abortion. At 85 days of gestation, females weighed on average 188.9±0.5kg, without difference between groups (P>0.10). At 85 days of gestation, BF was different (P=0.053) between Control and Lysine groups (15.6±0.2 and 15.1±0.2, respectively). The average number of total piglets born was 14.1±0.2, without difference (P>0.10) between groups.
There was no effect (P>0.10) of supplemental lysine on BW and BF gain of females (Table 2 ). Piglet birth weight was similar between groups (P>0.10). Percentage of stillbirths (P=0.077), percentage of piglets weighing less than 1100g (P=0.082) and within-litter birth weight variation (P=0.094) tended to be reduced in Lysine than in Control group (Table 2) .
In sows evaluated during lactation (n=52), there were no differences between the Control and Lysine groups (P>0.10) in voluntary feed intake (4.8 vs. 4.7kg), BW loss (4.2 vs. 4.5%), BF loss (2.1 vs.
1.9mm), WEI (7.8 vs. 8.4 days), number of weaned piglets (12.5 vs. 12.5 piglets), litter weaning weight (61.3 vs. 61.2kg), and pre-weaning survival (overall, minimum, median and maximum values were 77%, 92% and 100%, respectively).
DISCUSSION
The effect of lysine levels on the performance of pregnant females is still controversial, as there have been some reports showing that gestational lysine level does not affect body weight gain (COOPER et al., 2001) , whereas an increase from 18 to 24g (YANG et al., 2009 ) has been reported to result in increased weight gain by sows during pregnancy. Productivity and metabolic characteristics of sows have changed over the last decade (YANG Ciência Rural, v.43, n.8, ago, 2013. et al., 2009); the nutritional requirements of pregnant and lactating sows are being reviewed, and past recommendations of NRC (1998) are being questioned (BALL et al., 2008; SAMUEL et al., 2008; YANG et al., 2009 ). New nutritional requirements are being proposed for contemporary prolifi c genotypes, since their requirements for maintenance, for example, exceed by 30% (SAMUEL et al., 2008 ) the levels recommended (NRC, 1998) . In the present study, the increase from 28 to 35g of lysine, offered from 85 to 110 days of gestation, did not affect BW or BF gain of females, suggesting that 28g were suffi cient to meet the demands for maternal growth. At farrowing, females weighed on average 190kg, completely satisfying the target of 180kg established for the fi rst farrowing (WILLIAMS et al., 2005) .
The reduction of the within-litter birth weight variation is especially important for highly modern prolifi c sows. Nevertheless, CAMPOS et al. (2012) have well documented the inconsistency about the positive effect of extra nutrition during late gestation on birth weight. There was an expectation that the lysine levels required would be higher for prolifi c females, and that lysine supplementation would increase the birth weight of piglets. Nevertheless, the likely benefi cial effect of increasing the gestational lysine level on birth weight was not observed in this study. An increased birth weight has been reported when lysine levels were increased from 18 to 24g (YANG et al., 2009) or from ~19g to ~28g (CERISUELO et al., 2009) , in gilts farrowing approximately 10 and 13 piglets, respectively. In our study, lysine supplementation late in gestation tended to reduce stillbirths, decrease the number of light piglet s and minimize the within-litter CV of birth weight. However, the observed effects were marginal, suggesting that the amount of lysine used in the control group (28g) was close to that needed to meet the demands of fetal growth in prolifi c sows. The marginal effect observed could also be related to an ineffi cient use of supplemented lysine, because the females were fed once a day. Synthetic amino acids added in a single meal are absorbed more rapidly than those linked to proteins, and may be oxidized very quickly (YEN et al., 2004) .
The reduced percentage of piglets with birth weight <1100g probably explains the lower rate of stillbirths observed in females supplemented with lysine. Piglets weighing less than 1100g represented approximately one quarter of the piglets born, being close to the percentages reported by WU et al. (2006) . A reduced number of light piglets may represent an advantage for postnatal growth performance, because a low birth weight has been associated with lower survival (QUINIOU et al., 2002) and lower weight gain (KING et al., 2006) . The birth weight of the piglets (on average 1316g) can be considered low if compared with the weight close to 1500g reported in other studies (MILLER et al., 2000; CERISUELO et al., 2009 ). However, in those studies females of several parities were used and average numbers of total piglets born were only 11.1 (MILLER et al., 2000) and 12.7 (CERISUELO et al., 2009 ). The reduced birth weight observed in the present study is probably explained by the fact that gilts had a higher number of piglets born (on average 14.1 piglets), since litter size is negatively associated with birth weight (QUINIOU et al., 2002; TOWN et al., 2004) .
The lysine level offered during late gestation did not affect body reserve losses of the sows during lactation, consistent with previous reports (COOPER et al., 2001; YANG et al., 2009) . Similarly, postnatal growth of piglets was not affected by gestational lysine supplementation, in agreement with CERISUELO et al. (2009) . Although sows lost on average less than 5% of BW and WEI was not affected by gestational lysine levels, the overall WEI of 8.1 days can be considered long, because it could negatively affect subsequent reproductive performance (POLEZE et al., 2007) . The extended WEI may be related to a low feed intake by the sows, which consumed on average 4.7kg of feed per day. This relatively low amount of consumed feed may be related to the fact that the lactation period occurred during the hot season, which can be associated with a reduction in feed intake. The amount of consumed feed was insuffi cient to avoid losses of body reserves during lactation, confi rming that requirements for maintenance and milk production of primiparous are often not fulfi lled by nutrients supplied through feed (QUESNEL et al., 2007) .
CONCLUSION
Stillbirth, birth of light piglets (<1100g), and the within-litter coeffi cient of variation in birth weight are slightly reduced by the increase in lysine (from 28 to 35g day -1 ) offered from 85 to 110 days of gestation in gilts. In the conditions of the present study, the performance of the females until farrowing and during subsequent lactation is not affected by gestational lysine levels.
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